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Specification 

1. Title of Invention 

Optical material 

2. Claims 

1 . An optical material wherein a hard coat layer is created on a high refractive-index transparent 
resin substrate surface comprising (co)polymers obtained from polymerizable monomer components 
including 1 or 2 or more types of multifunctional thioacrylate or thiomethacrylate (referred to below as 
polymerizable monomer [I]) as essential components together with other polymerizable monomers [II] 
that are necessary for the radical copolymerization of said polymerizable monomer [I]. 

2. An optical material as recited in Claim 1 wherein at least 1 type of the polymerizable monomer 
[I] used is selected from the multifunctional thioacrylates or thiomethacrylates shown in generic formulas 
(1) through (3). 

Generic Formula (1) 



CH^C-C-S+^CH^CH-O 
k 



R4 

I 



<Ctt>-CH-S--<>e=CH 1 



Be 

\ 



(provided that Rj and R 2 are H or CH 3) R 3 and R* are each independently H, CH 3 , or OH, k and m are 
each independently an integer from 1-5, and 1 and n are each independently the integer 0 or an integer 
from 1-4.) 

Generic Formula (2) 

I J 
CHr=C -C -S -CH, CHf^X-CH^X-CH* CH, S - C - C =Cft 

If ^ II 

0 0 

(provided that R b R 2 and k are the same as in Generic Formula (1), and that X is O or S.) 
Generic Formula (3) 



I 



I 



CIV=C-C-S-R*-S-C-C = CHt 



II 

0 



II 

0 



(provided that Rj and R 2 are the same as in Generic Formula (1), R 5 is a phenyl group or xylyl group, or a 
nuclear-substituted phenyl group or xylyl group.) 

3. The optical material as recited in either of Claims 1 or 2 wherein the quantity of polymerizable 
monomer [I] used is 5 weight% of the polymerizable monomer components. 

4. The optical material as recited in any of Claims 1 through 3 wherein the hard coat layer is a 
thermosetting silicone hard coating. 

5. The optical material as recited in any of Claims 1 through 3 wherein the hard coat layer is a 
multifunctional acrylic hard coat. 
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6. The optical material as recited in any of Claims 1 through 3 wherein the hard coat layer is a 
metal oxide hard coating. 

3. Detailed description of the invention 

<Field of industrial application> 

The present invention concerns an optical material in which a hard coat layer is created on a novel 
high refractive-index transparent resin substrate surface. 

<Prior Art> 

Recently, colorless transparent plastic materials have been used widely in lenses, prisms, waveguide 
optical materials, in the applying 1 of coatings to surfaces, in combining with pigments to form mirrors, for 
decorative materials in the areas of automobiles, ships and other kinds of construction, and in glazing 
materials for use in construction materials or in automobiles. 

Plastic optical materials, in general, are characterized by excellent properties such as being 
lightweight and non-splintering as compared to inorganic glass, but on the other hand they have problems 
such as a low refractive index as well as inferior abrasion resistance and scratch resistance. The 
disadvantages of abrasion resistance and scratch resistance will not only induce diminished transparency 
and appearance but will ultimately cause the optical material to lose its ability to function. In order to 
prevent this, usually a hard coat treatment will be applied to the plastic substrate surface. 

At the same time, it is desirable to use a raw material with a high index of refraction to produce the 
optical material. In the case of a lens, for example, when compared to a material with a low index of 
refraction, a lens made from a material with a high index of refraction can be thinner and still achieve the 
same focal length. An optical aggregate that uses thin lenses can have a reduced volume of space between 
the lenses of the aggregate, which confers the advantage of the optical device being lightweight and 
miniaturized. Moreover, eyeglass lenses made from a material with a high refractive-index can have a 
thinner cover thickness, with the advantage of becoming more lightweight and fashionable. 

<Problem to be Solved by the Invention> 

Nevertheless, it is hard to say that the plastic materials currently being used as optical materials are 
sufficiently satisfactory. For example, plastic optical materials with excellent colorless transparency, such 
as diethylene glycol bis-allyl carbonate resin (referred to below as ACD resin), poly(methyl methacrylate) 
(referred to below as PMMA), polycarbonate (referred to below as PC), can generally be used, but the 
index of refraction being 1.49-1.50 for ADC resin and PMMA resin is low. Moreover, PC has 
disadvantages such as with a high refractive index of 1.58-1.59, it can easily develop birefringence during 
molding, which produces problems for optical homogeneity; in addition to the need for applying a special 
primer or pretreatment because of the poor adhesive properties of the hard coat layer, the properties of the 
resin itself make it easily scratched. Accordingly, it would be desirable to develop an optical material 
comprising a plastic material where the above disadvantages had been ameliorated. 

The object of the present invention is to offer an optical material that maintains the advantages of the 
current plastic materials used as optical materials, such as being lightweight and having colorless 
transparency, while at the same time ameliorating the disadvantages. 

<Means and Actions to Solve the Point at Issue Problem> 

The present inventors, taking into account the results of a careful examination of the present situation, 
were able to solve the above points at issue by discovering an optical material in which a hard coat layer 
is created on the surface of a resin substrate obtained by using sulfur-containing polymerizable monomers 
of defined structure as essential components, said material having a high refractive index with excellent 
colorless transparency, heat resistance and scratch resistance, thereby accomplishing the completion of 
the present invention. 



1 A misspelling of this word was corrected in the source document <iranslator>. 
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In other words, the present invention concerns an optical material wherein a hard coat layer is 
created on a high refractive-index transparent resin substrate surface comprising polymers obtained from 
polymerizable monomer components including 1 or 2 or more types of multifunctional thioacrylate or 
thiomethacrylate (referred to below as polymerizable monomer [I]) as essential components together with 
other polymerizable monomers [II] that are necessary for the radical copolymerization of said 
polymerizable monomer [I]. 

Although the polymerizable monomer [I] in the present invention is not limited in any particular way 
to a molecule possessing at least 1 thioester group and 2 or more polymerizable unsaturated groups, a 
preferred (co)polymer with a high refractive index as well as excellent heat resistance obtained by using 
multifunctional thioacrylates or thiomethacrylates can be as shown in generic formulas (1) through (3) 
below. 

Generic Formula (1) 



t 



If 
0 



I 



CIfc~C-C-3 -<CH*)rCH-0— - < CH*>-CH-S- <>(>CH, 



I 



m 



(provided that Ri and R 2 are H or CH 3 , R 3 and R4 are each independently H, CH 3 , or OH, k and m are 
each independently an integer from 1-5, and 1 and n are each independently the integer 0 or an integer 
from 1-4.) 

Generic Formula (2) 

CHr-C -C -S -CH, CHriK -CH^X-CH* CH, S - C - C =CHt 

II * II 

0 0 

(provided that K u R 2 and k are the same as in Generic Formula (1), and that X is O or S.) 
Generic Formula (3) 



B, 
I 



CHt=C - C -S - Bi -S -C - C * CHt 

tl IJ 
0 0 

(provided that R } and R 2 are the same as in Generic Formula (1), R 5 is a phenyl group or xylyl group, or a 
nuclear-substituted phenyl group or xylyl group.) 

Examples of polymerizable monomers [I] corresponding to generic formulas (l)-(3) [below, where R 
indicates H or CH 3 ] such as 

R 

1 

CHt=C-C-SCHiCH,0-C-CH^CH, 

II ll 
0 0 

S-2-Acryoyloxyethylthio(meth)acrylate 



R 



CH, 




S-2-Methacryoyloxyethylthio(meth)acrylate 



R 




1 ,2-bis-((Meth)acryloylthio)ethane 



R 



R 



CH»=C-C-SCH,CH-S-C-C = CH» 
II I II 

O CH, 0 



l,2-bis-((Meth)acryloylthio)propane 



R 



R 




1 ,3 -bis-((Meth)acryloylthio)propane 



R 



R 



CH»=C-C-SCHtCHtCHfCH|S-C-C=CH» 



CH«=C -C - S CH,CKiO CHi CH» S - C -C=CHt 

II II 
0 0 

bis-(2-(Meth)acryloylthioethyl) ether 

R R 

I I 
CH,=C-C-SCH,CH,SCH,CH,S-C-C=CH, 

II II 
O 0 

bis-(2-(Meth)acryloylthioethyl) sulfide 

R R 
I I 
CH,=C-C-SCH l CH a OCH,OCH,CH«S-C-C=CH, 

II II 
O 0 

bis-(2-(Meth)acryloylthioethoxy)methane 




0 0 

1 ,4-bis-((Meth)acryloylthio)butane 



R 



R 
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R R 
I 1 
CH^C-C-SCHtCHjSC^SCftCHtS -C-C=CH, 
'I II 
0 o 

bis-(2-(Meth)acryloylthioethylthio)methane 

r a 

i i 

CHi=C -C-S-i CHiCHiO >-CH»CHiS -C-C=CH, 
il * II 

o o 

l,2-bis-(2-(Meth)acryloylthioethoxy)ethane 

R R 
I I 
CH t =C -C -S -< CHiCHtS >-CH,CHi5 -C-C=CHj 
It 1 II 

O 0 

l,2-bis-(2-(Meth)acryloylthioethylthio)ethane 

X R 
I ( 
CH, =C - C - S 4CH, CH t O h- CHt CH, S -C -C=CH* 
II 1 II 

0 0 

bis-(2-(2-(Meth)acryloylthioethoxy)ethyl) ether 2 

R R 
I I 
CHi=C -C - S ■< CHtCH. S )-CH. CHi S -C -C=CH, 
II * II 

o o 

bis-(2-(2-(Meth)acryloylthioethylthio)ethyl) sulfide 
R R 

0 0 



CH,= C-C-£-^(5y-S-C-C« CHi 



l,4-bis-((Meth)acryloylthio)benzene 
R R 
CH,=C-C-SCH, -(Of- CH^S-C-CsCH. 

O O 

l,4-bis-((Meth)acryloylthiomethyl)benzene 

and the like can be named, although they are not limited in any way to these examples. 

For the high refractive-index resin that is the substrate of the optical material offered by the present 
invention, materials that comprise polymers obtained by using 1 or 2 or more types of only polymerizable 
monomer [I] are desirable, but materials that comprise polymers obtained by using other polymerizable 



; The structure depicted has a minor error - the subscript for the (CH^CH^O) group should be 3 instead of2<translalor>. 
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monomers [II] as needed as copolymer components are also desirable. Other polymerizable monomers 
that can be used, although not limited in any particular way to those that can be radical copolymerized 
with the polymerizable monomer [I], are monofunctional monomers, in addition to polyfunctional 
monomers that do not correspond to polymerizable monomers [I], and the polymeric macromolecules 
generally referred to as oligomers can be used, and it is preferable for the index of refraction of the 
individual polymers to be 1.48 or higher. 

Examples of the types of polymerizable monomers [II] that can be mentioned include 
monofunctional acrylate esters and methacrylate esters, polyfunctional acrylate esters and methacrylate 
esters, 2-haloacrylate 3 esters, monofunctional thioacrylate esters and thiomethacrylate esters, unsaturated 
nitriles, acrylamides and methacrylamides, allyl esters, allyl ethers and allyl carbonates, vinyl aromatics, 
and reactive oligomers, where 1 or 2 or more of these types can be used. 

For the high refractive-index resin that is the substrate of the optical material offered by the present 
invention, the polymerizable monomer [I] can be used to obtain a (co)polymer that is a high refractive- 
index transparent resin substrate wherein the polymer is endowed with a high refractive index and a cross- 
linked structure, from which it will have excellent heat resistance, cohesiveness during cutting and lens 
edging operations, a low tendency to jam up, and where the resin does not adhere to the processing 
equipment. In order to manifest these characteristics adequately, the amount used of the polymerizable 
monomer [I] among the polymerizable monomer components is preferably 5 weight% or more and further 
preferably 10 weight% or more. With an amount of less than 5 weight%, the contribution by the 
polymerizable monomer [I] to making a high refractive index will be small, and the lower degree of 
crosslinking will result in correspondingly smaller improvements in the heat resistance, and in the cutting 
and lens edging processability. 

It is necessary to consider the refractive index of the high refractive-index resin obtained from 
polymerizable monomer [II] in selecting a suitable type and use amount, but with a high refractive index 
the resin obtained must still have excellent colorless transparency, so that the ideal amount of the 
polymerizable monomer [II] used among the polymerizable monomer components is preferably less than 
95 weight%, and more preferably less than 90 weight%. 

The (co)polymer employed as the high refractive-index transparent resin substrate for the optical 
material offered by the present invention is accomplished as the high refractive-index resin from a radical 
polymerization of polymerizable monomer components including polymerizable monomer [I] as the 
principal component and polymerizable monomer [II] as necessary. Although not limited in any particular 
way to the radical polymerization method, any methods known previously can be used, but concrete 
examples may be mentioned such as: 

(1) The method of thermal polymerization of the polymerizable monomers in the presence of a radical 
initiator 4 ; 

(2) The method of UV polymerization of the polymerizable monomers in the presence of a 
photosensitizer; and, 

(3) The method of electron beam polymerization of the polymerizable monomers. 

Method (1) is the most general method, the apparatus is the simplest, and the radical polymerization 
initiator is relatively inexpensive. 

In method (2), the curing rate is fast, and the time required for polymerization can be short. 

In method (3), the polymerization can be carried out in the absence of a radical polymerization 
initiator or a photosensitizer, so that fewer impurities are incorporated into the high refractive-index resin. 

The selection of which of the methods (1) through (3) of the present invention is used can made on 
the basis of which is the best with respect to the desired properties of the high refractive-index resin, and a 
plurality of methods may optionally be combined depending on the case. 



J A misspelling of this word was corrected in the source document <traiislator>. 

4 This word was written incorrectly in the original with a similar kanji, and the current version stands corrected <translator>. 
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For the high refractive-index transparent resin used as the substrate in the optical material offered by 
the present invention, commonly known additives may optionally be included as appropriate, such as UV 
absorbents, antioxidants, drip-proofing agents, or colorants. 

The hard coat layer created on the surface of a high refractive-index transparent resin substrate of the 
present invention employs improvements in the surface hardness of the previous plastic optical materials, 
without being limited to coatings made of any type of coating agent, so that examples that can be 
mentioned include multifunctional acrylate hard coating agents, amino resin hard coating agents, silicone 
hard coating agents and metal oxide hard coating agents, but in order not to damage the transparency of 
said high refractive-index transparent resin substrate, and from the point of view that the coating should 
have excellent adhesion and scratch resistance, coatings from a multifunctional acrylate hard coating 
agent, silicone hard coating agent and a metal oxide hard coating agent are preferable. A multifunctional 
acrylate hard coating agent will have one or more principal constituents such as a polyester compound 
from a polyol and (meth)acrylic acid, for example ethylene glycol di-(meth)acrylate, propylene glycol di- 
(meth)acrylate, diethylene glycol di-(meth)acrylate, triethylene glycol di-(meth)acrylate, 
trimethylolpropane tri-(meth)acrylate, tris-2-(meth)acryloyloxyethylisocyanurate, :t glycerin 
tri(meth)acrylate, pentaerythritol tri-(meth)acrylate, pentaerythritol tetra-(meth)acrylate, dipentaerythritol 
hexa-(meth)acrylate and a,co-di-(meth)acrylate-(bis-trimethylolpropane)-tetrahydrophthalate, said hard 
coating agent being applied to the surface of the high refractive-index resin substrate, and after any 
necessary drying step, being cured to give a hard coat layer. The curing can be carried out easily with 
activation energy radiation such as UV radiation or electron beam radiation, or through heating, and in 
this regard it is preferable to include a suitable quantity of a photoinitiator such as benzoin ethyl ether or a 
radical initiator such as benzoyl peroxide or azo-bis-isobutyronitrile. The silicone hard coating agent will 
be an organosilicon compound that possesses 2 hydrolyzable groups directly linked to the silicon atom 
within the molecule, for which the main components will comprise 1 or more types such as, for example, 
tetramethoxysilane, tetraethoxysilane, trimethoxymethylsilane, triethoxymethylsilane, 
trimethoxyethylsilane, dimethoxydimethylsilane, diethoxydimethylsilane, tetrachlorosilane and 
trichloromethylsilane, said hard coating agent being applied to the surface of the high refractive-index 
resin substrate, and after any necessary drying step, being cured to give a hard coat layer. In this regard, it 
is preferable to include a suitable quantity of a curing catalyst as represented by /?ara-toluenesulfonic acid. 
Examples of metal oxides that can be mentioned include zirconium oxide, titanium oxide, silicon oxide 
and aluminum oxide, where the hard coat layer of said metal oxide can be formed on the surface of the 
high refractive-index transparent resin substrate through the use of such methods as vacuum deposition, 
the sputtering method or the ion plating method. 

For the optical material of the present invention, the hard coat layer is created on the surface of the 
high refractive-index transparent resin substrate from the (co)polymer incorporated in the desired form, 
but when polyfunctional thioacrylate or thiomethacrylate is used as the resin substrate, in order for the 
substrate itself also to have a high degree of hardness and favorable heat resistance, a high temperature 
thermal curing of the thermoset-type hard coating agent can be carried out so that the hard coat layer 
becomes very hard and there is increased adhesion with the resin substrate of the hard coat layer. 

Moreover, in order to have an even greater increase in the adhesion of the hard coat layer, it is 
desirable to carry out a primer treatment or a plasma treatment, and the optical material obtained may 
optionally be laminated with an anti-reflective coating or film if necessary. 

<Effect of the Invention> 

The optical material offered by the present invention has a high refractive index and at the same time 
excellent colorless transparency, scratch resistance, heat resistance, cutting processability, and excellent 
adhesion of the hard coating, and can be used for example for lenses, prisms, optical discs, as material or 
components for optical waveguides, and furthermore in combination with pigments or fillers for color 
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screens, for use in decoration or as a molding material for construction. The present invention offers an 
optical material that possesses such characteristics. 

<Embodiments> 

Concrete embodiments of the present invention are described below. 
Reference example 1 

A mixture of 100 parts by weight of 1 J 2-bis-(methacryloylthio)ethane and 0.5 parts by weight of 
2,2'-azobis-(2,4-dimethylvaleronitrile) were poured into a mold consisting of two glass plates with a 
silicone wrapper-type gasket, and polymerization was carried out by heating at 50 °C for 6 hr, 60 °C for 
16 hr, and then 90 °C for 2 hr. The high refractive-index resin substrate [a] obtained (thickness 3 mm) 
was colorless and transparent. 
Embodiment 1 

After the high refractive-index resin substrate [a] obtained in Reference Example 1 was washed in 
isopropyl alcohol, a thermosetting silicone hard coating agent (NSC- 1000, Nippon Fine Chemical Co., 
Ltd.) was applied by dipping at a withdrawal rate of 20 cm/min. After this plate was air dried for a period 
of 30 min, it underwent a baking treatment at 120 °C for 2 hr, to obtain high refractive-index optical 
material [A] with a hard coat layer molded on. No change in the colorless transparency of this high 
refractive-index optical material [A] was observed. The properties of this high refractive-index optical 
material [A] are shown in Table 1 . 
Reference example 2 

A mixture of 50 parts by weight of bis-(2-methacryoylthioethyl)sulfide, 40 parts by weight of styrene, 
10 parts by weight of acrylonitrile, 0.1 part by weight of 2,2'-azobis-(2,4-dimethylvaleronitrile) and 0.1 
part by weight of l,r-azobis(cyclohexane-l-carbonitrile was poured into a mold in the same manner as 
with Reference Example 1, and after heating at 50 °C for 3 hr, the temperature was increased slowly over 
a period of 2 hrs time to 1 10 °C, and this was heated to polymerize and to form a hard coat layer at 
1 10 °C for a further 2 hrs time. The high refractive-index resin substrate [b] obtained (thickness 3 mm) 
was colorless and transparent. 
Embodiment 2 

A high refractive-index optical material [B] was obtained from the high refractive-index resin 
substrate [b] obtained in Reference Example 2 by the same method as used for Embodiment 1. No change 
in the colorless transparency of this high refractive-index optical material [B] was observed. The 
properties of this high refractive-index optical material [B] are shown in conjunction with Table 1. 
Embodiment 3 

After the high refractive-index resin substrate [b] obtained in Reference Example 2 was washed in 
isopropyl alcohol, a polyfunctional acrylic hard coating agent (FujiHard, Fujikura Kasei Co., Ltd.) was 
applied by dipping at a withdrawal rate of 20 cm/min. After the plate was dried for 5 min under infrared 
radiation and cooled, it was irradiated for 1 min under a UV lamp, forming a hard coat layer to obtain the 
high refractive-index optical material [C].This high refractive-index optical material [C] was colorless 
and transparent. The properties of this high refractive-index optical material [C] are shown in conjunction 
with Table 1 . 
Embodiment 4 

After the high refractive-index resin substrate [b] obtained in Reference Example 2 was washed in 
isopropyl alcohol, a zirconium oxide hard coating was applied by vacuum deposition, to form a hard coat 
layer and obtain the high refractive-index optical material [D].This high refractive-index optical material 
[D] was colorless and transparent. The properties of this high refractive-index optical material [D] are 
shown in conjunction with Table 1 . 
Comparison Example 1 

The high refractive-index resin substrate [a] obtained in Reference Example 1 was taken as high 
refractive-index optical material [A'] for comparison use, and the properties are shown in conjunction 
with Table 1 . 

Comparison Examples 2-4 
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Additionally, polycarbonate PC and dicthylcnc glycol bio allyl carbonate ADC resin substrates were 
used instead of the high refractive-index resin substrate [a] of Embodiment 1, and the same operation is 
repeated as in Embodiment 1 to obtain optical materials [B'] and P^} [C ? ], and moreover a 
p oly (mcthy lmc thaory late) PMMA resin substrate was used instead of the high refractive-index resin 
substrate [b] of Embodiment 3, and the same operation is repeated as in Embodiment 3 to obtain optical 
material f@J [D'J.The respective properties are shown in conjunction with Table 1. 
Reference Examples 3-15 

The composition of the polymerizable monomer components in Reference Example 2 is shown in 
Table 2, and in addition, the same process as in Reference Example 2 was repeated to obtain high 
refractive-index resin substrates [c]-[o]. 
Embodiments 5-17 

Using the high refractive-index resin substrates [c]-[o] obtained in Reference Examples 3-15, the 
high refractive-index optical materials [E]-[Q] were obtained by forming a hard coat layer as shown 
respectively in Table 2, and the respective properties are also shown in Table 2. Furthermore, the methods 
used with each of the hard coating agents for forming the hard coat layer follow the methods used in 
Embodiments 1-4. 
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Thermosetting silicone 
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(Note) The evaluations of properties were carried out as below. 

• Refractive index Measured using an Abbe refractometer. 

• Total light transmittance Measured using a turbidimeter. 

• Pencil hardness Measured according to JIS K-5400. 

• Scratch resistance Determined by scratching the surface with #W©£0000 steel wool using the 
criteria given below 

A Entirely unscratched even after vigorous abrasion, faintly scratched. 
B Scratched after vigorous abrasion. 
C Scratched. 

• Heat resistance Placed in a hot-air dryer at 120 °C for 3 hrs, and afterward any deformation and 
the degree of discoloration are observed. A O indicates completely undeformed and no discoloration, and 
an x indicates that deformation was observed. 

• Adhesion A cross cut test (cellophane tape peel-off) was carried out, no peel-off is indicated 
with a O, partial peel -off is indicated with a A. 

Furthermore, the abbreviations used in the column of the table for the polymerizable monomer 
composition indicate the following respective polymerizable monomers. 



BMTE 1 ,2-bis-(Methacryloylthio)ethane 

BMTEE bis-(2-Methacryloylthioethyl) ether 

BMTES bis-(2-Methacryloylthioethyl) sulfide 
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Br 4 BMEPP 


2 s 2-bis-(3 ? 5-Dibromo-4-methacryloyloxyethoxyphenyl)propane 


MTMA 


S-Methylthio methacrylate 
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AN 


Acrylonitrile 


TeEDMA 


Tetraethyleneglycol dimethacrylate 


MCA 


Methyl 2-chloroacrylate 
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